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SYNOPSIS 
The effect of bearing pressure on the fatigue strength of 
riveted joints with two rows of fasteners was studied in 26 zero-to~ 
tension tests and 8 full reversal testso The bearing ratios studied 
were 10379 lo83~ 2036 and 20740 
On the basis of the results of the zero-to-tension tests~ 
it appears that an increase in fatigue life will accompany a decrease 
in bearing ratioo The number of full reversal tests was insufficient 
to isolate the relationship of the fatigue strength with the bearing 
ratioo 

THE EFFECT OF RIVET BEARING 
ON TEE FATIGUE STRENGTH OF RIVETED JOINTS 
Io INTRODUCTION 
1. Bearing Pressure in Riveted Structural Connections. 
During the more than one hundred years that riveted struc-
tural joints have been in use 9 engineers have been trying to analyze 
them and have conducted numerous tests (as evidenced by an extensive 
bibliography which has been Published(l)*) in order to provide a 
better understanding of joint behavior. 
The possibility that bearing pressure might exert an in-
fluence on fatigue life was recognized at least a century ago as evi-
denced by Latham's statement: 
"Efficiency of a bearing surface. - The efficiency of the 
bearing of two surfaces in contact under pressure, is the pres-
sure that may safely be put upon them without any danger of 
injury, either by immediate rupture or by gradual crystalliza-
tiono Crystallization is caused by continual motion in co~bina­
tion with strain, but how is not yet exactly agreed upon.,,\2) 
At the present time, all specifications for steel structures 
give maximum permissible bearing pressure values. The allowable 
bearing pressure in American specifications varies at present from 
1.5 times the allowable tensile stress (prescribed by AREA(3) and 
AASHO(4)) to 2 times the allowable tensile stress (required by AISC(5)). 
German specifications currently limit the ratio of bearing stress to 
tensile stress from 200 to 2.5 for buildings and bridges respectively. 
Static tests with bearing ratios as high as 3005(6) were 
used as the basis for a recommendation that existing building 
*Numbers in parentheses indicate a reference number in the bibliog-
raphy. 
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specifications increase the maximum permissible bearing ratio to 2.25 
in cases of static loadingc(7) 
Through the years 9 a limited number of tests have been run 
in an attempt to determine the effect of bearing pressure on fatigue 
lifeo However~ the fact that rivet bearing cannot be varied without 
changing other properties of the joint has made it difficult to iso-
late the effects resulting from a change in bearing pressure from the 
effects resulting from other variableso In order to change bearing 
pressure 9 it is necessary to vary at least two of the following quan-
tities: number of rivets in a line 9 shear ratio, plate thickness~ 
rivet diameter~ and rivet spacingo Another variable of importance 
in riveted joints is clamping force 9 a factor which tests have shown to 
be related to griPo(8) Unfortunately 9 it is difficult to determine 
the initial magnitude of this force without destroying the members and, 
if the clamping is determined after testing the joint to failures it 
is highly probable that some of the initial clamping force has been 
losto 
20 Object and Scope of Investigationo 
The object of this investigation is to determine the rela-
tionship between bearing ratio* and the fatigue strength of a riveted 
joint composed of A-7 steel plates and rivets of A~14l stock (hot-
formed head and hot-driven for this series of tests)o 
A very long and exacting series of tests is re~uired to 
isolate the effect of bearing pressure on fatigue life from the 
*Bearing ratio is taken as the ratio of the bearing pressure on the 
rivet shank to the net section tensile stresso In this report it is 
based on the nominal rivet diameter and the actual drilled hole sizeo 
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variables which are inherent in any study of bearing pressureo To 
provide results in a reasonable length of time, it was decided to run 
a series of tests in which the specimens would be designed with 
shear ratio, rivet size 7 rivet pattern, and method of hole formation 
held constant 0 Bearing pressure~ rivet grip (and the associated 
variation in clamping) and specimen proportions then became the prin-
cipal variableso Since the fatigue lives will be dependent on these 
variables to different degrees 7 the interrelationship must be kept in 
mind when interpreting the test results o 
A wide range in the values of bearing ratios was selected 
for study to make possible an examination of the relationship of 
bearing ratio to fatigue life of joints with proportions common to 
practice~ and also of joints with bearing ratios greater than the 
newly proposed maximum for static loadingo Since in normal struc-
tural connections, higher bearing pressures are normally associated 
with thinner materials 9 shorter grips, and wider gages, bearing pres-
sure may be used as an index to represent the composite effect of all 
of these variableso 
A total of 124 specimens with four different bearing ratios 
were planned for the complete programo This report covers the results 
of the first 38 tests which have been completed: 26 were tested on a 
stress cycle of zero to tension, 8 were tested on a cycle of com-
plete stress reversal, and 4 specimens were tested to failure under a 
single static loadingo 
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IIc DESCRIPTION OF SPECI1ffiNS AND TESTS 
3. Description of Specimens and Method of Fabrication. 
All 124 specimens were designed with a constant shear ratio 
of 00750 They are divided into four groups of 31 identical specimens; 
each group with its own bearing ratio. The four bearing ratios are 
1.379 lo83~ 2036 9 and 2.740 Four rivets, 7/8 in. nominal diameter, 
were arranged in a square pattern for all specimen types, and holes 
were matched drilled 15/16 in. in diameter (see Fig. 1). Plate thick-
nesses were chosen such that the center plates were critical. End dis-
tances were determined according to the AISC Specificationso(5) The 
edges of the specimens, as noted in Fig. 1, were milled. The milling 
was done to provide a smooth surface free from any surface irregu1ar-
ities which might result from shearing and flame cutting operations 
during fabricationo It was important that these stress concentrations 
be removed to prevent the initiation of failure at the edge of the plate, 
rather than at a rivet hole. The dimensioning of the specimens to 
hundredths was necessary to maintain a constant net section area (and 
therefore a constant shear ratio) and yet be able to use plates of 
standard thicknesses. The long dimensions of the specimens coincide 
with the direction of rolling of the plates from which they were cut. 
All center plates for a given group came from a single length of stock, 
three specimens wideo No paint was applied to the contact surfaces 
of the specimenso 
All fabrication took place in the shop of a large fabricator 
and standard driving procedures for structural work were to be used. 
It was reported, however~ that refinished dies were used in driving 
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the rivets and that unusual care was taken to hold the rivets at a 
"cherry-red" color in the furnaceo The rivets were driven with a 
Hanna, 50-ton capacity, horseshoe type riveter with the air cylinder 
adjusted to achieve maximum pressure, a somewhat unusual procedure for 
short rivets, and in addition, the pressure on the rivet was estimated 
to have been maintained for three or four seconds longer than is cus-
tomary. 
4. Properties of Materials. 
All of the specimens were prepared from plate stock specified 
to be in accordance with ASTM designation A-1 for structural grade 
steel. Standard flat coupons were cut from the parent plates and 
tested in the laboratory to determine the actual mechanical properties 
of the material. The results of these coupon tests, along with the mill 
reports, are summarized in Table 1, and indicate that the materials met 
with ASTM A-7 requirements. These tests were performed in accordance 
with ASTM designation E-8 for tension testing of metallic materials. 
Also included in Table 1 is data from the mill report on the rivet 
material. 
5. Description of Testing Equipment. 
The fatigue tests were carried out in two 200,000 lb. fatigue 
testing machines which had been used in previous tests of riveted joints 
and are described in detail in the report of those tests.(8) Eoth 
machines apply approximately 200 cycles of load per minute, giving 
slightly more than 215,000 cycles per day. 
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Before the test program was started the fatigue machines were 
calibrated statically and dynamicallyo The dynamic calibration showed 
that when the machine is running, the load on the specimen exceeds by 
no more than 1-1/2 per cent the load preset statically. A detailed 
description of the calibration of the fatigue machines is given in 
Appendix Ao 
60 Description of Instrumentation. 
First row slip* was measured on all specimens by means of 
mechanical dials at each edge. Electric resistance strain gages were 
placed on three of the fatigue specimens to determine the distribution 
of load in the specimens. Figure 2 shows the location of the strain 
gages and slip dials. With the exception of the two small gages be-
hind the rivet heads, gages were also mounted in identical locations 
on the opposite side of the specimen. 
The static specimens were instrumented with strain gages and 
slip dials in a manner similar to the fatigue speCimens, except the 
gages on the center of the outside plates (see Fig. 2) were omitted. 
7. Description of Fatigue Tests. 
The specimens were inserted carefully in the fatigue machines, 
slip dials were mounted and slip readings were taken at a number of 
increments of static loado When approximately 20 kips (about 5 ksi on 
*First row slip is the relative movement which takes place between the 
edges of the center plate and the outside plateso It is measured at 
the first row of rivets and is caused by elastic and platic deforma-
tion as well as slipping of the plateso 
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net section) had been applied to a specimen, the end bolts were tight-
ened. This procedure reduced to a minimum the initial eccentricity of 
load applied to the jointso 
The specimen was then subjected to two cycles of loading with 
the machine being cranked over by hand. During these first cycles, 
load and slip readings were taken, or load, slip and strain readings for 
those specimens having strain gageso Upon completion of these readings, 
the machine was started. At the beginning of the tests, the load on 
the specimen was rechecked every hour or two until six or eight hours 
had passedo After this initial period, the load was checked morning 
and evening. At each check, the slip dials were read and the load was 
reset if necessary. A microswitch (shown at the upper right in Fig. 2) 
was adjusted to turn off the machine in the event of failure or of any 
large movement. 
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III. RESULTS OF FATIGUE TESTS 
8. Zero to Tension Tests. 
Twenty-six specimens have been tested on zero-to-tension 
cycles and the results of these tests are listed in Table 2. Failure 
in most of the specimens initiated in a first row rivet hole in the 
center plate and progressed outward to the edge of the plate and inward 
toward the center of the plate. The test was discontinued when the 
crack reached the outside edge of the specimen as illustrated in Fig. 3. 
Figure 4 shows a typical view of the line of fracture of a 
joint. The fine-grained texture of the steel on both sides of the 
right rivet is characteristic of a fatigue crack. The crystalline 
app~arance to the right of the left rivet is the result of a brittle-
type fracture (initiated at room temperature by the severe notch 
created by the fatigue crack) which occurred when the joint was being 
pulled apart statically to permit examination of the fatigue crack. 
The ductile failure to the left of the left rivet also occurred as the 
joint was pulled apart statically. 
As mentioned earlier, load and slip readings were taken at 
the beginning of each test. Typical net section stress-slip curves 
are shown in Fig. 5. It may be noted that the typical curves for each 
specimen type differ considerably. On each curve~ except the one for 
the 4FR, there is a region in which the curve changes slope markedly. 
This point will be referred to in further discussion as the point of 
first change in slip. It will be shown that the average stress at which 
the first change in slip occurs increases as the grip of the specimen 
rivets increases. 
The results of the fatigue tests have been plotted as S-N 
curves (see Fig. 6 and 7) and show a definite increase in fatigue 
life with a decrease in bearing pressure. Although the results of 
the tests are somewhat scattered, at no place does the fatigue life 
for the 2FR, 3FR or 4FR type specimens fall below that of the lFR. 
An average line representing the test results has been drawn for each 
s'pecimen type and was determined by taking the anti-log of the mean 
log of applied cycles for identical tests. The slopes of these lines 
do not vary much even in the cases of the 2FR and 4FR specimens where 
the scatter is large. 
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In Fig. 8, is shown the relationship between stress at 
first change in slip,averaged for each type of specimen, and the grip. 
Over the range of grips in these tests, the stress at first change 
in slip increases with grip, suggesting that higher clamping forces 
exist in those specimens having larger grips and lower bearing ratios. 
The preceding was a description of typical results. The 
following discussion will enlarge on variations from the typical for 
each type of specimen. 
~R 
(Bearing Ratio = 2.74) 
The IFR specimens, although the shortest lived, were the 
most consistent in their behavior. All net section stress versus 
slip curves were similar to the typical lFR curve shown in Figo 5. 
The S~N curve for these six tests was remarkable for its lack of 
scatter (see Fig. 6a). 
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The photo of specimen IFR-3 (see Fig. 9) is of interest be-
cause it shows clearly how some of the specimens failed in a progres-
sive mannere This can be noticed by the series of lines, sometimes 
called "beach markstl, across the center plate at varying distances 
from the rivet. 
2FR 
(Bearing Ratio = 2.36) 
The results of the 2FR tests showed considerable scatter. 
Referring to Table 2, it can be seen that failures for the stress 
cycle of O-to-30 ksi varied from 82,700 to 1,526,900 cycles. Accom-
panying this large variation in fatigue lives, are large variations in 
the shape of the curves of net section stress-versus-slip as illus-
trated in Fig. 10. The 2FR stress-versus-slip curves for O-to-30 ksi 
indicate that there may be a relationship between slip and fatigue life. 
An important point to be noted from the S-N plot illustrated 
in Fig. 6b is that the shortest lived 2FR specimen at a particular 
stress cycle had a longer life than the lFR specimen similarly stressed. 
Specimen 2FR-2 and 2FR-6 had SR-4 strain gages placed on 
them to determine the magnitude of any variations in stress distri-
bution across the specimen resulting from any eccentricity of loading 
or because of specimen curvatureo The locations of the gages are shown 
in Fig. 2. Altogether, four strain gages were placed on the center 
plate; the two shown in the photo and two on the other side of the 
plate opposite the gages shown. On one of the outer plates, one gage 
was placed behind each of the top rivets between the rivet head and 
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and the end of the plate. These gages were used to indicate when 
these rivets came into bearing against the outside plate. Examination 
of the curves in Fig. 11 shows that a change in rate of strain and 
change in slope of the stress-slip curve occur at the same stress. 
It appears that shortly after slipping, the joint pulls into bearing 
and a marked change in the rate of straining occurs. 
The results of the strain gage readings on the center plates 
show that the specimens were not stressed uniformly. An examination 
of the strain data of specimen 2FR-6 indicates that simply tightening 
the specimen in the testing machine produced a change in strain dis-
tribution. The following data is for the first cycle of load from 
O-to-30 ksi on specimen 2FR-6. 
Gage No. 4 Gage No. 3 
C en t er Plate --··[1 ===:::=========-=--=-~::-=--=-"]I 
Gage No. 7 Gage No. 8 
Nominal 
Strain Readings - in. x 10-6 Stress at Average 
Strain Gage Net Section 3 8 .2.±.§. 4 7 ~ 3+4+7+8 Computed 
Loc. ksi Stress ksi 2 2 & Strains 
0 0* 0 0 0 0 0 0 0 0 
7.9 9.8** 510 -18 246 562 21 292 269 267 
7.9 9.8*** 414 95 255 493 86 290 272 267 
9.4 11.6 462 153 308 537 142 340 324 313 
16.6 20.5 668 450 559 710 408 559 559 553 
24.3 3000 850 774 812 862 705 784 798 810 
0 0 1~6 -202 -~2 216 -126 10 -12 0 
* Specimen free of machine. 
** Bolts not tightened. 
*** Bolts tightened. 
There was further· redistribution of strain during the test 
as a result of changes in location of the machine bearing blocks~ 
slip and bearing of the rivets in the test specimen, etc. 
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Although the strain gage information is useful to show eccen-
tricities, it does not provide any indication of the magnitude of 
strain at the edge of the hole where failure actually initiates. The 
strain concentration at the hole, coupled with a fairly high bearing 
stress, places the material adjacent to the hole in the yield range 
for the loadings used in these tests. 
Table 2 indicates that specimens 2FR-8 and 2FR-15 failed 
at the end of the specimen within the heads of the testing machine. 
Specimen 2FR-8 did not fail through a bolt hole, but rather a crack 
initiated from a point which was subjected to fretting or galling by 
the heads (see Fig. 12). Specimen 2FR-15 failed through a bolt hole 
but it would seem, from looking a Fig. 13 that fretting contributed 
to this failure also. 
3FR 
(Bearing Ratio = 1.83) 
The results of the tests on 3FR type specimens were fairly 
consistent. The stress-slip curves for the specimens were all simi-
lar to the typical 3FR curve shown in Fig. 5, except for specimen 
3FR-5 which took a sudden slip at a stress of 20.3 ksi (see Fig. 14). 
The S-N curve did show some scatter but not more than would be expected 
in tests of this nature. All failures fell above the curve for the 
IFR specimens (see Fig. 7a) and the specimen with the shortest life 
for a particular stress cycle was longer lived than the 2FR specimen 
with the shortest life when similarly loaded. 
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4FR 
(Bearing Ratio = 1.37) 
Although the results of these tests were scattered, the 
line representing the average life of the specimens had a slope simi-
lar to the IFR specimens as illustrated in Fig. 7b. 
The net section stress-slip curves were similar to the 
typical 4FR curve shown in Fig. 5, except for 4FR-2 which is illus-
trated in Fig. 15. Specimen 4FR-3, which had a much longer life than 
two similar specimens, did not fail in the joint but in one of the 
bolt holes at the end of the center plate. 
Specimen 4FR-4 had run 3,730,000 cycles at O-to-24 ksi with-
out failure when the test was discontinued. 
9. Full Reversal Tests. 
Eight specimens were tested in full reversal, two of each 
type; the res:ul ts are shown in Table 3. These tests were ini tiated 
in order to obtain preliminary data which could be used to plan the 
the remainder of the test program. Six of the eight specimens were 
tested at ! 16 ksi and exhibited a considerable variation in life. 
The other two specimens were tested at ! 12 and! 20 ksi. 
Both tests of the lFR specimens were discontinued after 
excessive slippage occurred in the joint, as a result of the elonga-
tion of the rivet holes. This slippage created a pounding which could 
have been damaging to the machine and certainly represented a magni-
tude of movement which would be considered undesirable in a struc-
ture. 
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The IFR specimens tested in reversal heated up as a result 
of the friction from a combination of clamping force and slip.at a 
relatively high speed. Specimen IFR-8 (tested at : 16 ksi) reached a 
o 
maximum temperature of 140 F. after 15,000 cycles and maintained this 
temperature for approximately 15,000 more cycles before gradually 
cooling down to 125 0 F. and remaining there for the remainder of the 
test. Specimen IFR-9 reached a temperature of 1200 F. early in the 
test and maintained this temperature until the test was discontinued. 
Specimen 2FR-3 had heated up to 1600 F. at 25,000 cycles and gradually 
cooled down to 1150 Fo and maintained that temperature to failure. 
Specimen 2FR-5 reached 1400 Fo before cooling down to approximately 
1100 F. for the remainder of the test. Of course, such temperatures 
would not result under service loads which would occur at greater 
intervals and not usually be consistently the design loadings. 
The 3FR specimens were fairly consistent and the only unusual 
feature of the tests was the failure of 3FR-9 in the outside plates at 
the bottom row of rivets. 
The results of the 4FR tests, particularly specimen 4FR-9, 
were not what would have been predicted from the other testso Both 
specimens had short lives, but the fact that so few specimens were 
tested makes it desirable not to conclude that the behavior described 
is typicalo 
The typical slip patterns of specimens in reversal are shown 
in Fig. 16. The lFR curve is typical for the specimens with a small 
grip while the 3FR curve is typical for the larger grip. 
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10. Static Tests. 
In order to provide a comparison in static strength between 
the various types of specimens, one of each type was tested statically. 
Table 4 summarizes the results of the tests. 
16 
IV. ANALYSIS OF FATIGUE TEST RESULTS 
11. Zero-to-Tension Tests. 
In examining the results of the tests in this program, it 
is interesting to compare the results with those of other similar 
tests. A few tests on riveted joints with high bearing were conducted 
in 1948(9) and two of the specimens in that program had dimensions 
similar to the lFR specimens in the present program. The results of 
these two tests are included in Table 2 and are also shown in Fig. 6a. 
There is good agreement in the results. 
In 1952, the results of a program conducted at Northwestern 
University were reported in an unpublished bulletin. (IO) Several 
specimens in that series of tests were similar to those in the present 
program and their results are summarized in Table 2. The results of 
the Northwestern tests are plotted on an S-N diagram with the results 
of the 4FR specimens (see Fig. 1b), and it can be seen that the results 
of the two programs are similar. 
A number of fatigue tests of single lap joints, fastened 
with bolts, are reported on in a paper by L. T. Wyly and Jack W. 
Carter. (11) The 4-1/2 x 3/8 in. bar specimens were fastened to each 
pulling head with two bolts one inch in diameter. The drilled holes 
were also one inch in diameter. The specimens had a bearing ratio of 
1.15, therefore, the line representing the results has been drawn 
on Fig. 1a in order that the results can be compared with the 3FR 
specimens, which have a 1.83 bearing ratio. The fact that single lap 
joints have higher stress concentrations than double lap jOints(12) 
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and that the single lap joints were assembled without clamping force 
in the bolts, should account for the shorter life of the single lap 
specimens. 
The results of the tests run on the 2FR and 4FR specimens 
show considerable scatter. Many factors could possibly influence the 
life of joints such as those tested: hole filling, stress raisers due 
to fabrication damage, and variations in initial clamping force of the 
rivets. 
Hole filling can affect fatigue life by influencing the 
distribution of stress around the edge of the hole, and also the 
magnitude and location of the maximum bearing pressure. No attempt 
was made to isolate this effect since no method was known to discover 
the initial conditions without destroying the specimen. 
Stress raisers caused by damage in fabrication or handling, 
cannot be found before a test unless they appear externally; and after 
the test, internal damage is often obscured by the distortions asso-
ciated with the failure or by the failure crack itself. In these 
tests, all specimens which failed in the joint, failed as a result of 
the initiation of a crack at the rivet hole in the center plate and 
the subsequent progression of the crack to the edge; this would indicate 
that external damage probably played no part in the failures. 
The clamping force of rivets is another factor which 
appears to influence greatly the fatigue life, but unfortunately no 
way was available to determine initial tension without destroying the 
joint. The importance of increased clamping force on increased fatigue 
life, has been brought out dramatically in recent years by the ability 
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·of high strength bolted connections (with their high initial clamping 
force) to withstand a larger number of cycles of loading than a com-
parable riveted jOint.(13) A conclusion from the Northwestern report 
states: "The fatigue strengths of the riveted jOints were considerably 
less than those for the bolted jOintso.,(IO) 
Although a direct comparison between fatigue life and clamp-
ing force cannot be made for the riveted specimens, there is other 
information available from these tests that can be examined for rela-
tionships with fatigue lifeo For example, the first change in slip 
versus fatigue life makes an interesting plot. Figure 17 illustrates 
the results of such a comparison for specimens tested at O-to-30 ksi. 
The IFR specimens, which were tested at O-to-28 ksi, have been included 
in this plot by extrapolating the results to a stress level of O-to-30 
ksi. Examination of this figure will show that, in general, varia-
tions in fatigue life of specimens of the same type correspond with 
variations in net section stress at first change in slip. Specimens 
which were tested at 18, 20, and 22 ksi were adjusted to 20 ksi and 
plotted on Fig. 18 and again with the exception of specimen 2FR-l, 
the fatigue life varied with net section stress at first change in 
slip_ The 3FR and 4FR specimens tested at 24 and 25 ksi were not in-
cluded in a similar plot since there were either no variations in 
stress at first change in slip or no significant change in slip 
occurredo Some of the factors that may contribute to this relation-
ship between net section stress and slip behavior followo 
10 Clamping force - The stress at which slip initiates will 
vary proportionally with clamping forceo It must be recognized that 
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states of stress which exist during the first cycle of loading ~o not 
necessarily represent the stress distribution during the remainder of 
the test~ since as the test is run, the accumulative slip increases. 
As a result, the bearing pressure probably increases and the load car-
ried by the frictional forces is probably reducedo 
20 Coefficient of friction - The coefficient of friction 
between the plates is a significant factor in slip behavior since it, 
along with clamping force, determines what percentage of the load 
will be carried by bearingo Load transferred by bearing rather than 
by friction results in larger stress concentrations in the plate 
surrounding the hole and also increases the possibility that fretting 
between the edge of the hole and the rivet shank will contribute to 
the failureo 
30 Contact surface conditions - Surface irregularities 
may increase the apparent coefficient of friction by causing an inter-
locking actiono Conditions which contribute to the existence of 
irregularities are mill scale and the lip which projects from the side 
of the plate in the case of drilled holes (and the lip and cup created 
when holes are punched)o This lip can serve to key the plates together 
and raise the coefficient of frictiono If an assumption is made re-
garding clamping force in the rivets, some idea of the coefficient 
of friction between the plates can be obtainedo The results of clamp-
ing force studies(lO) on 3/4 ino rivets showed the average clamping 
stress to be 1800 ksi for 1-3/16 ino grip and 2701 ksi for 2-1/16 in. 
gripo Interpolating to 1-5/16 ino, the grip of the 3FR specimens, 
gives a clamping stress of 1903 ksio Using this value of clamping 
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force and the actual rivet area, the clamping force per rivet would 
be approximately 1304 kips. Since there are 4 rivets in the joint 
and they are in double shear the total clamping force is 107 kips. 
Using this clamping force with the average load at first change in 
slip for the 3FR specimens, which is 70 kips, we have 70/107 = 0.65. 
This is considerably greater than the 0.20 to 0025 normally associated 
with the coefficient of friction between two steel plateso ~robably, 
this can be accounted for by surface irregularities and the greater 
pressures and length of time the pressures were applied during rivet-
ing. 
A relationship between fatigue life and the amount of slip 
during the first cycle of loading is also apparent. Figure 10 shows 
the stress-slip curves for the first cycle for the 2FR specimens 
tested at O-to-30 ksi and also their fatigue life'. Note the increase 
in life as first cycle slip decreases. In general, the total slip 
in the first cycle and the stress at first change in slip vary in-
versely. 
The S-N curves representing the average of the test results 
(Figso 6 and 7) show that in general there is an increase in life 
with a decrease in bearing ratio. Although this is true when consider-
ing the average results, the results of individual tests may intermingle 
with the results of other specimen types due to scatter. In spite 
of the scatter, it will be noticed that for specimens subjected to the 
same stress cycle the life of the shortest lived specimen of each type 
increased with decreasing bearing ratio. This seems to indicate that 
the minimum value of fatigue life which can be expected from a 
particular bearing ratio will increase with a decrease in bearing 
ratioo It is important to keep in mind that bearing ratio changes 
are necessarily accompanied by grip and geometry changes so that 
21 
it is impossible to attribute variations in life to the bearing ratio 
alone because these variations in life are the result of the composite 
effect of several variables changing simultaneouslyo 
Since transverse spacing and grip are related to bearing 
ratio by the geometry of a joint, assuming it to be of balanced de-
sign, the fatigue life can be compared with them just as well as for 
bearing ratioo Figure 19 shows the relationship between bearing ratio 
and transverse spacing and Fig. 20 the relationship between grip and 
bearing ratio for the members of this studyo From the examination of 
the S-N diagrams and the transverse spacing-bearing ratio relation-
shiP9 it may be concluded that fatigue life will increase with a de-
crease in transverse spacingo Similarly, the results of a comparison 
of the S-N diagrams and the relationship between bearing ratio and 
grip, indicate that fatigue life increases with gripo Not only will 
transverse spacing and grip be related to fatigue life because they 
are in turn related to bearing ratio, but if the effects of each on 
fatigue life could be isolated from the effects resulting from other 
variables it might be expected that each would make some contribution 
to the total effect. Since increased transverse spacing increase~ 
the stress concentrations around the holes, we would expect shorter 
lives due to increased transverse spacing~ Greater clamping force 
accompanies an increase in grip for rivets and this additional clamping 
force should increase the specimen lifeo 
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12. Full Reversal Tests. 
Only eight full reversal tests were run and they were run 
to serve as the basis for an extensive future program. In searching 
for an explanation for the results of the 4FR specimens, which had a 
significantly shorter life than the 2FR and 3FR specimens (Table 3), 
it was noticed in Baron and Larson's report(lO) that increasing the 
grip (with T:S:B held constant) reduced specimen life in reversal 
(Table 5 summarizes these results). These results seem to indicate 
that in reversal an increase in grip beyond a certain value reduces 
life. It also appears that grip has a greater influence on life than 
bearing ratio since in the present program the life decreased despite 
the decrease in bearing ratio which accompanied the increase in grip. 
Because only two of each type of specimen were tested in reversal and 
since only the 4FR specimens had their lives shortened by an increase 
in grip, these results must be considered tentative until substantiated 
by further tests. 
130 Static Tests. 
The results of the static tests seem to be typical and illus-
trate the point brought out in other work(6), that test efficiency* 
increases with bearing ratio until the bearing ratio is between 2.0 
and 2.5 and then the test efficiency begins to decrease. Figure 21 
illustrates the relationship between test efficiency, theoretical 
efficiency and bearing ratio. 
*Test efficiency is the ratio of the ultimate stress on the gross 
section to the ultimate coupon stress. 
140 Conclusions 
From the tests reported herein, the following conclusions 
may be drawn for members o:~ the type testeC'. which are subjecte':!. to 
similar stress cycleso 
10 Fati€;,u.e life 9 when averaging the results of a number 
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of tests, can be expected to decrease with an increase in bearing 
ratio for members tested on a zero to tension cycleo However, because 
of the relationships between bearing ratio and transverse spacing, and 
bearing :ratio and plate thickness (for joints "vi th two rows of fas-
teners)9 the fatigue life might be related to transverse spacing or 
grip as well as to bearing ratioo 
20 The average rivet clamping force, as evidenced by stress 
at fi::-st change in slip~ inoreased with an increase in grip, and was 
accr:'l[:panied by and probably caused an increase in fatigue lifeo 
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APPEIJ:D IX A 
CALIBRATION OF 200,000 lbo FATIGUE TESTING MACHINES 
2t::; 
..I 
Before beginning the extensive series of tests of the present 
program it was considered desirable that the fatig'tJ.8 machines be cali=-
bratedo The method used was to mount electric strain gages on a 
plate specimen and then calibrate it staticallyo 
'-I Far Side Onl;ji L_-' 
0 Near Side Only 
~ Near Side and Far Side 
3/4 U Thick 
I. l'-Ott .I 
FIG o A 
Figure A shows the electric strain gage locations" The four gages 
located on the longitudinal centerline of the specimen were wired in 
a four ar:w. bridge so that strains due to bending WOllld be nullified 
and readings then would be directly related to axial load" The four 
gages located on the edges of the specimen were read individuall.y 
and served to check eccentricities in loading& 
The calibration specimen was inserted in a 300 9 000 Ib" 
Riehle testing machine and loaded statically to determine the rela-
tionship between load and the output of the four arm bridgee 
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After establishing the load-strain relationship of the 
calibration specimen, it was inserted in one of the fatigue machines. 
Load was then applied in increments by cranking the machine over by 
hand and the four arm bridge and the load measuring dynamometer of 
the machine read at each increment of load. The strain readings 
were then converted to the corresponding load and plotted against the 
deflection of the dynamometer. In this way the relationship was 
established between the dynamometer deflection and the load on the 
specimeno 
Since it was thought that when the machine was running 
there would be an increase in load over that set statically, the load 
when running was checked with a Sanborn Model 127 direct writing 
strain recorder. When the machine was operating on a cycle of from 
O-to-200,OOO Ibs. the dynamic load exceeded the static load by approxi-
mately 1-1/2 per cent and as the maximum load was decreased, the in-
crease in load due to dynamic effect decreased. For zero-to-compres-
sion cycles and full reversal cycles the results were much the same. 
Thus, the results of the calibrations showed the dynamic effect to be 
insignificant. 
The results for both machines were similar. 
TABLE 1 
1mCRANICAL PROPERTIES OF SPECI1lliN PLATE MATERIAL 
DETERMIrTED AT UNIVERSITY OF ILLINOIS 
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All coupons were standard 8 in. gage length and tested at a loading rate 
of 002 in/minute. For each plate thickness from 5 to 7 coupons were 
tested.. Since the variation in properties across the width of 
Plate 
Thickness, 
ino 
3/8 
7/16 
9/16 
3/4 
Plate 
Thickness, 
ino 
3/8 
7/16 
9/16 
3/4 
a plate was small, the average value is shown. 
Upper Ultimate 
Yield, Strength, Elongation, 
psi psi % 
45,100 66,500 29 
449 200 68,900 27 
40,200 63,500 30 
38,300 65,000 30 
CHEMICAL ANALYSIS AND 11ECHANICAL PROPERTIES 
OF PLATE MATERIAL FROM MILL REPORTS 
"'~ .... 1-.,...~ lItr~ .... ,.,. Phose Sulphur Yield, Ultimate, va..L U UJ.J. J.>~a.J.J.5 0 
% % % % psi psi 
00 27 0.40 0.016 0.036 41,340 69,500 
0.25 0044 0.017 0.031 40,130 68,800 
0.,26 0.40 0.015 0.035 35,980 65,260 
0 .. 25 0.46 0.018 0.029 40,580 66,540 
CHEMICAL ANALYSIS AND MECHANICAL PROPERTIES 
OF RIVET MATERIAL FROM :MILL REPORTS 
Rivet Diameter, Phose Sulphur Yield, 
psi 
Ultimate, 
psi ing % % 
7/8 .04 Max. .05 Max. 29,600 58,500 
Reduction 
in Area, 
% 
51.4 
5104 
5405 
55.4 
Elongation 
in 8 in. , 
% 
28.5 
29.0 
2705 
28.5 
Elongation, 
% 
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TABLE 2 
RESULTS OF ZERO-TO-TENSION TESTS 
Max First Stress at 
** Specimen Stress, Cycle Slip,~ First Change Applied Description 
NOe ksi inches x 10-'1- in Slip, ksi Cycles of Failure 
SPECIMEN TYPE 1FR 
(T:S:B = 1.0:0.75:2.74, Grip 7/8 ino) 
1 30 112 1105 56,900 
2 28 94 1102 71,400 
3 28 68 9.3 80,900 
4 18 45 11.3 417,200 
5 20 55 1305 315,700 
6 18 44 15·5 685,600 
SPECI1ffiN TYPE 2FR 
(T:S:B 1.00:0.75:2036, Grip = 1 1/16 in.) 
1 22 5 none 1,470,500 
2 30 50 16.0 878,100 
6 30 39 25.0 1,526,900 
7 30 64 11.0 82,700 
8 22 19 20.5 3,979,200 + 
11 30 71 13.8 92,000 
15 30 39 24.5 1,045,600+ 
16 22 - 46 14.0 331,000 
SPECIMEN TYPE 3FR 
(T:S:B = 1.00:0.75:1.83, Grip 1 5/16 in.) 
1 30 50 15.6 153,900 
2 30 34 24.7 243,700 
3 30 48 16.0 114,700 
4 24 31 20.2 668,300 
5 24 66 20.2 1,317,000 
6 24 34 20.2 1,160,900 
SPECIMEN TYPE 4FR 
(T:S:B 1 0 00:0.75:1.37, Grip 1 3/4 in.) 
l 30 9 none 563,700 
2 30 29 27.0 266,400 
3 30 13 25.0 + 1,758,600 
+ No Failure 4 24 4 none 3,730,600 
6 24 7 none 1,005,200 
8 25 6 none 1,419,400 
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~A]LE 2 (Cont'd.) 
RESULTS OF CONTIUC':!:ED A tIl 11EE UI:TI'IEESITY 0]1 ILLInOIS 
Specimen 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
(0\ 
BY ji'lILSOn 8~ 1.IUHSE \;;) IN 1948 
SPEC II,IEH TYPE lIFl 
1.0:0.3:3.8, Grip 3/4 in.) 
Specimen No. 
Iv:ax. Stres s , 
ksi Applied Cycles 
7 
8 
30 
30 
54,800 
i.]. 1 ,500 
RESULTS OF TESTS CONDUCTED AT NORTHWESTERN UNIVERSITY 
BY BAROlY AlT]) L.Ll.RSON(10) 
SPECIl',1IEN TYPE A2H-T 
(T:S:B = 1.0:0.75:1.57, Grip = 2 1/16 in.) 
No. Max. Stress Applied Cycles Remarks 
24.0 812,817 
24.0 787 8~4 
. , ./ + 
24.0 1,049,/100 No Failure 
24.0 1,004,400, 
22.5 3,069,327' No Failu:re 
22.5 1,801,104 
22.5 2,183,470 
22.5 1,449,279 
28.0 1,063,397-+ No Failure 
28.0 650,148 
28.0 261,806 
28.0 261,806+ No Failure 
* The average of both slip dials. 
** Where the type of failure is not listed, it resulted from the 
initiation of a crack ~t the edge of a rivet hole in the center plate 
at the first rou and the progression of that crack to the 8Jge of t~e 
plate. 
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TABLE 3 
RESULTS OF FULL REVERSAL TESTS 
Stress Slip in First Stress At 
Specimen Cycle, Tension Cyc1e,* First Change Applied Description** 
No. ksi in. x 10-4 in Slip, ksi Cycles of Failure 
SPECIMEN TYPE 1FR 
(T:S:B 1.0:0.75:2.74, Grip = 7/8 in. ) 
8 :16 51 9.5 66,500 Discontinued 
:12 
tests due to 
9 40 7.4 390,400 pounding of 
machineo. 
SPECIMEN TYPE 2FR 
(T:S:B = 1.00:0.75:2.36, Grip = 1 1/16 in. ) 
3 !16 24 none 1,104,900 
5 !16 13 none 1,354,400 
SPECIMEN TYPE 3FR 
(T:S:B = 1.00:0.75:1.83, Grip 1 5/16 in.) 
8 !16 4 none 1,632,600 
9 !16 10 13.8 954,700 
SPECIMEN TYPE 4FR 
(T:S:B = 1.00:0.75:1.37, Grip = 1 3/4 in.) 
5 :::20 5 none 168,500 
9 !16 1 none 391,500 
* The average of both slip dials. 
** Where the type of failure is not listed, it resulted from the 
initiation of a crack at the edge of a rivet hole in'the center plate 
at the first row and the progression of that crack to the edge of the 
plate. 
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TABLE 4 
P~SULTS OF STATIC TESTS 
Specimen Ultimate Net Section Efficiency of Joint, % 
No. Stress ,* ksi Theoretical** By Test*** 
1FR 62.1 83.7 77.7 
2FR 67.8 81.5 80.0 
3FR 67.1 77.4 81.5 
4FR 67.15 71.9 74.3 
* Net Area = (Specimen width - 2 x actual hole diameter) x thickness 
of center plate. 
** Net Area 
Gross Area x 100% 
*** Ultimate Specimen Strength 
Ultimate Coupon\Stress x Gross Area of Specimen 
TABLE 5 
RESULTS OF TESTS ON RIVETED JOINTS 
BARON & LARSON(10) 
The specimens were fabricated with 3/4 in. rivets in double shear, and 
the hole diameter was 13/16 in. Plate edges were milled, steel 
met the ASTM-A7 requirements and the T:S:B = 1.0:0.75:1.57. 
Stress 
Specimen Cycle, Grip Average Number of Cycles 
Type ksi in. Applied to Four Specimens 
AIH-R :!:16 1 3/16 1,216,610 
A2H-R :!:16 2 1/16 722,918 
A3H-R :!:16 3 1/16 345,481 
1" I 1:3 a :3 ": 9" 
Nominal Diameter of Rivets: i " 
Hole Diameter: ~ " 
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, 0 1" 4- 1 
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--t=II!:1 Ii:: : U U ;: :::: :::~ 
Spec. Type Bearing t' til b d Ratio 9 a c 
tFR 2.74 3 I l 2.50 5.74 3.25 ,'-2" ·8 4' 
2FR 2.36 7 fs i6 I liS 1.96 5.08 2.84 "-0" 
3FR 1.83 .i f Iii 1.68 4.14 2.30 0'-11" 16 
4FR 1.37 -I I ~ ,.3 4 1.58 3.34 1.58 O'-g" 
FIGURE I. DIMENSIONS AND DETAILS OF SPECIMENS TESTED IN FATIGUE AND STATIC TENSION 
\,).J 
I\) 
( .i 
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FIG.2 TYPICAL FULLY INSTRUMENTED SPECIMEN 
FIG.3 TYPICAL LOCATION OF FATIGUE 'CRACK 
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FR-
FIG.4 TYPICAL VIEW OF' JOINT AFTER 
FATIGUE FAILURE 
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